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Abstract
Background—Knowing the temporal trend central line-associated bloodstream infection
(CLABSI) rates among U.S. pediatric intensive care units (PICU), the current extent of CL bundle
compliance, and the impact of compliance on rates is necessary to understand what has been
accomplished and can be improved in CLABSI prevention.
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Methods—Longitudinal study of PICUs in National Healthcare Safety Network hospitals and a
cross-sectional survey of directors/managers of infection prevention & control departments
regarding PICU CLABSI prevention practices, including self-reported compliance with elements
of central line bundles. Associations between 2011/12 PICU CLABSI rates and infection
prevention practices were examined.
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Results—Reported CLABSI rates decreased during the study period, from 5.8 per 1000 line days
in 2006 to 1.4 in 2011/12 (P<0.001). While 73% of PICUs had policies for all central line
prevention practices, only 35% of those with policies reported ≥95% compliance. PICUs with
≥95% compliance with central line infection prevention policies had lower reported CLABSI
rates, but this association was statistically insignificant.
Conclusions—There was a non-significant trend in decreasing CLABSI rates as PICUs
improved bundle policy compliance. Given that few PICUs reported full compliance with these
policies, PICUs increasing their efforts to comply with these policies may help reduce CLABSI
rates.
Keywords
Intensive Care Units; Pediatric; Catheter-Related Infections; Policy
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Introduction
Central line-associated bloodstream infections (CLABSI) are a major source of hospitalacquired infections (HAI) in intensive care unit (ICU) patients, including pediatric ICU
(PICU) patients, and are associated with increased morbidity, mortality, and costs.12
Encouraged by organizations such as the Institute for Healthcare Improvement3 and
publications such as the Keystone study4 in 2006, ICUs have increasingly sought to prevent
CLABSIs through the use of sets of evidence-based practices, or “care bundles.”

Author Manuscript

Since the adoption of central line (CL) bundle policies and other practices, CLABSI rates
among ICUs collectively have fallen nearly 60% in the previous decade.56 This aggregate
data is heavily skewed towards adult ICUs given their greater number compared to PICUs.7
There has only been one multi-institutional study of the overall trend of CLABSI rates in
PICUs in the era of CL bundle practices.8
Single center studies and multicenter collaborative quality improvement efforts performed in
PICUs in the U.S. have demonstrated that implementation of bundle strategies were
associated with a reduction in CLABSI rates.9 Others have suggested that in the PICU
population, maintenance strategies may have a more significant impact on CLABSI rates
than insertion strategies101112, while others have shown that specific maintenance strategies,
e.g., chlorhexidine entry scrubs or sponges, were not associated with reduced CLABSI
rates.13 However, little is known about specific prevention practices or about the impact of
these and other practices in a larger nation-wide sample.
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Knowing the trend of PICU CLABSI rates, the current extent of CL bundle compliance, and
the impact of compliance on rates among a large cohort of U.S. PICUs is necessary to
understand what has been accomplished and can be improved in CLABSI prevention.
Therefore, we conducted a multi-institutional longitudinal study of National Healthcare
Safety Network (NHSN) hospitals with PICUs to describe their PICU-specific CLABSI
rates over time and a cross-sectional study of their adoption of and compliance with specific
CLABSI prevention practices. We also investigated the association between these rates and
hospital/PICU characteristics, institutional HAI prevention practices, and PICU-specific
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compliance with bundle elements. We hypothesized that higher compliance with CL bundle
practices would be associated with lower PICU CLABSI rates.

Methods
Study Design and Study Hospitals
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In 2011, infection prevention & control (IP&C) departments of non-veteran NHSN hospitals
were invited to participate in a study (Prevention of Nosocomial infections and Cost
Effectiveness Refined [P-NICER]) to assess the impact of infection prevention processes
and state mandated HAI reporting on ICU HAI rates. The NHSN is the Centers for Disease
Control and Prevention’s (CDC) national HAI surveillance system.14 Participation in the PNICER NHSN group entailed completion of an online survey (see below) and permission
for the P-NICER study team to access the hospital’s NHSN data.15 Among other data, this
included the number of ICU-specific device-associated infections and number of device
days from time of entry into NHSN (as early as 2006) through mid-2012, as well as
institutional characteristics. Data were reported by hospitals using standard NHSN
definitions and methodologies16, which are recognized as the gold standard for HAI
surveillance.1718 Additional detail on this survey and its methodology has been published
elsewhere.1920

Author Manuscript

This current analysis focuses on PICUs and their hospitals among the larger group of NHSN
hospitals. At the end of 2011, there were 3,374 non-veteran NHSN hospitals, of which 342
(10%) had a PICU. Characteristics of the participating hospitals and their PICUs were
collected through NHSN, including their geographical region (Northeast, South, Midwest, or
West), institution type (general vs. free-standing children’s hospital), medical school
affiliation (yes vs. no), unit type (medical/surgical or medical vs. cardiothoracic), and
number of ICU beds (≤15 vs. >15). Medical/surgical and medical units were grouped
together because there were only 8 medical units. We also evaluated the proportion of
hospitals that were located in states that had mandatory reporting of CLABSI rates before
December 2011. To determine whether PICU CLABSI data submission was mandatory,
pertinent HAI laws (state statutes, administrative regulations, and other administrative
requirements) were systematically reviewed for all U.S. states and territories.21
Survey of Infection Prevention Practices
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A psychometrically-tested online survey assessing infection prevention & control (IP&C)
policies and practices was adapted from previous research.1920 Survey respondents were the
director or manager of the hospital’s IP&C department. The survey inquired if the institution
had an electronic surveillance system for tracking HAI, a policy of antibiotic stewardship/
restriction, and specific policies and practices related to CL infection control. In addition to
investigating policies and practices related to CL insertion in adult ICUs, the survey also
asked about PICU-specific policies and practices if the hospital had a PICU. Respondents
were asked whether the PICU had written policies for checklist use at CL insertion, along
with five CL bundle elements (choice of optimal catheter insertion site, chlorhexidine skin
disinfection, maximal barrier precautions, and monitoring of hand hygiene practices, and
assessment of daily line necessity). Respondents were also asked to report percent
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compliance with each written policy during the last period monitored. Compliance was
categorized as all of the time (95-100% [ie, full compliance]), usually (75-94%), sometimes
(25-74%), rarely/never (<25%), don’t know, or no monitoring was performed. We report the
aggregate presence of and compliance with these CL policies in the study PICUs.
CLABSI Rates and Statistical Analyses
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Mean PICU CLABSI rates per 1000 CL days were calculated by dividing the summed
number of CLABSI events by the summed number of CL device days, multiplied by 1000.
As recommended by the CDC, mean overall rates were weighted by the summed number of
CL days in order to calculate “pooled” means. As opposed to averaging mean rates across
units, pooled means permit more efficient, less biased estimates because they do not ignore
unit-level variation of device utilization and avoid potentially overestimating rates by
including the number of CL days of those PICUs that had zero infections in the numerator.
Pooled mean CLABSI rates are presented with their standard deviations (SD) and 95%
confidence intervals (CI).
To illustrate the trend of CLABSI rates between 2006 and mid-2012, we report pooled mean
rates by year; 2011 and 2012 data were combined because only 4-6 months of 2012 data
were available depending on the unit and because the same hospitals/units participated in
both of these periods. A Wald test of composite linear hypotheses was performed to
determine if the mean CLABSI rates were equivalent between the different years.
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To determine the association between CLABSI rates in 2011 and mid-2012 and institutional
characteristics, institutional HAI prevention practices, and PICU-specific compliance with
bundle elements as reported in the survey, we used unadjusted negative binomial regression
modeling.22 The sum of CL days was used as the exposure variable. Negative binomial
modeling was used because it adjusts variance independently from the mean and is more
flexible in regards to overdispersion, as opposed to Poisson modeling. Levels of compliance
to the bundle policies and other responses to the survey’s compliance questions (“do not
know”, “no monitoring”, and no response) were treated as a categorical independent
variable in these unadjusted regression models, with ≥ 95% compliance being the reference.
To investigate the association between CLABSI rates and high compliance with multiple
bundle policies, we fitted an unadjusted negative binomial regression model with number of
bundle policies for which there was ≥95% reported compliance as the categorical
independent variable. In this case, ≥95% compliance with all six policies was the reference.
In a sensitivity analysis, we examined the association between CLABSI rates in 2011 and
mid-2012 and PICU-specific compliance with bundle elements, excluding units whose
reported compliance rates were missing or the respondent indicated “don’t know.”
Statistical significance was determined using a p value <0.05. Stata 12 (StataCorp, College
Station, TX) was used for statistical analyses. All procedures were reviewed and approved
by institutional review boards at Columbia University Medical Center and RAND
Corporation.
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Results
In 2011, 88 NHSN hospitals with 99 PICUs from 34 states participated and comprise our
study cohort. This cohort represented 26% of eligible NHSN hospitals with PICUs who
reported CLABSI rates to NHSN in that year. The characteristics of our cohort hospitals and
PICUs are presented in Table 1. The majority of these hospitals were general (i.e., not
freestanding children’s) hospitals (82%), affiliated with medical schools (88%), and in states
with mandatory reporting of PICU CLABSIs (59%). The majority of PICUs were medical or
medical/surgical (91%) and had 15 or fewer beds (70%).

Author Manuscript

The mean CLABSI rates by year and the number of hospitals/PICUs that contributed data
each year are presented in Table 2. The CLABSI rates decreased each year from 2006, and a
Wald test of linear hypotheses showed that these mean yearly rates were statistically
different (p<0.001). Using 2011 to mid-2012 CL data, the pooled mean CLABSI rate for all
PICUs was 1.42 per 1000 CL days.
The 2011 survey of infection prevention practices revealed that 68 (77%) hospitals had a
policy for antibiotic stewardship, but only 41 (47%) had an electronic surveillance system
for tracking HAI. Table 3 shows the CLABSI rates and unadjusted comparisons across
institutional characteristics and IP&C practices in 2011/12. There were no statistical
differences in CLABSI rates by institutional characteristics or whether hospitals were
located in a state with mandatory PICU CLABSI reporting. Similarly, there were no
statistical differences in CLABSI rates when hospitals had an electronic surveillance system
for tracking HAI or a policy of antibiotic stewardship/restriction.
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The proportion of PICUs with written policies for the CL insertion checklist or one of the
five specific bundle elements ranged from 86% (checking for daily line necessity) to 95%
(use of barrier precautions during insertion). Among PICUs with policies, ≥95% compliance
was found to be the highest with hand hygiene practices (58%) and lowest with checking for
daily line necessity (40%). Seventy-two (73%) PICUs had a policy for the insertion
checklist and all five bundle practices, and 35% (25 of 72) of these PICUs had ≥95%
compliance with all six infection prevention policies. The proportions of PICUs with
specific CL policies and their reported compliance with those policies are presented in Table
4.
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Table 4 also shows the CLABSI rates and unadjusted comparisons across levels of selfreported compliance with central line bundle policies and other survey responses in 2011/
mid-2012. While CLABSI rates were generally lower when PICUs had ≥95% compliance
with specific bundle policies compared to <95% compliance or other survey responses, these
lower rates were not statistically different. The two exceptions were identifying optimal
catheter site and monitoring hand hygiene practices; in both these cases, ≥95% compliance
was associated with statistically lower CLABSI rates compared to 75-94% compliance. In
our sensitivity analysis excluding units with missing reported compliance rates or with the
respondent indicating “don’t know”, there was no substantial difference in our results.
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Discussion
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This study is the largest survey to assess CL bundle policies and practices in PICUs reported
to date. Using multi-institutional, longitudinal data, this study demonstrates the trend of
PICU CLABSI rates and reports the IP&C/CL bundle policies and practices of these PICUs
and how they related to infection rates. We observed that CLABSI rates have fallen
significantly since 2006, but this decline may have plateaued since 2010. We also found that
while a sizable majority of PICUs had a policy for one or more specific CL bundle practices,
a substantially lower proportion of PICUs reported full compliance with their policies.
Among those PICUs with those policies, only about one third of them were fully compliant.
There is a suggestion that full compliance with CL prevention practices is associated with
lower CLABSI rates as compared to less than full compliance, but this was only shown for
certain bundle elements (optimal catheter site and monitoring hand hygiene practices) and
not others. While a relatively large number of PICUs were included in the study, the lack of
statistical differences comparing the majority of levels of bundle element compliance may
have been due to a still insufficient sample size.
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In regards to the overall lack of association found between bundle practices and CLABSI
rates, our study evaluated more bundle elements related to CL insertion than maintenance.
Data from the NACHRI collaborative suggests that CLABSI prevention strategies around
CL maintenance may be relatively more important in PICUs, compared to insertion
strategies.12-14 By contrast, in the larger P-NICER study of adult ICUs, lower CLABSI rates
were associated with ≥ 95% monitored compliance with CL bundle policies. Similarly, in
our sub-study of P-NICER sites with a neonatal ICU, ≥95% compliance with the use of a
checklist for insertion and assessment of daily line necessity were significantly associated
with lower CLABSI rates.23
Before concluding that compliance with several maintenance CL bundles in PICUs is not
important for lowering CLABSI rates, it is necessary to consider how relatively few PICUs
were fully compliant with all or even individual CL bundle policies. While PICU CLABSI
rates have fallen significantly over recent years, it appears that PICUs still have much
opportunity to improve their implementation of and adherence with certain CL bundles
practices. Perhaps PICUs could reduce CLABSI rates even further if CL bundle compliance
improved.24

Author Manuscript

Strengths of this study include the fact that it surveyed CL bundle practices in 99 PICUs in
the real-world setting, as opposed to studies focusing just on PICUs with CL qualityimprovement collaboratives. Thus, this study presumably captured data from PICUs that
were actively enacting or fostering adherence to bundle policies and those that were not,
potentially making the reported compliance and CLABSI rates less biased and more
generalizable. Moreover, our cohort was composed of PICUs both in free-standing
children’s hospitals and within general hospitals.
Our study has a number of limitations. First, our cohort of hospitals represented only 26% of
eligible NHSN hospitals with PICUs, which may have introduced selection bias into our
sample and limited generalizability. However, according to analysis provided by the CDC to
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the PNICER group, the mean CLABSI rate of the study’s PICUs was not statistically
different from the mean CLABSI rate of PICUs in non-participating hospitals.17 Second, as
a cross-sectional survey, we requested self-reported compliance in only one recently
monitored period, and there was no external audit of their compliance. We also assumed that
this reported compliance reflected actual compliance for the entire 2011/mid-2012 period in
our tests of association between compliance and CLABSI rates, which may not have been an
accurate assumption. Third, we did not control for severity of illness, underlying chronic
conditions, or other patient-level factors in our analyses of CLABSI rates.1225 Similarly, we
did not report or control for PICUs that were actively participating in quality-improvement
collaboratives or initiatives to lower CLABSI rates. Fourth, we focused primarily on the
most widely disseminated CL insertion elements and only investigated one CL maintenance
element, although there may be growing evidence that compliance with maintenance
practices may be as or more important than compliance with insertion practices in efforts to
decrease infection rates.12-14 Therefore, we cannot comment on several potentially
important infection control practices, such as ethanol/antibiotic locks, minimizing entering
the CL, and peripheral versus centrally-obtained blood cultures. Fifth, the decline in the
CLABSI rate during the study period may have been partly due to a change in the CDC’s
CLABSI definition.26 Finally, although this is a large survey of PICU CL bundle policies
and practices and their relation to CLABSI rates, the sample size might still be too small to
detect a meaningful difference in some practices.

Conclusion
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Recent years have seen a dramatic decrease in CLABSI rates in inpatient settings, including
PICUs. This decrease is likely due in part to the implementation of CL bundles, as
demonstrated by prior studies. Nevertheless, the CDC and other organizations continue to
advocate for zero CLABSIs, as this HAI is thought to be completely preventable. Among
this large cohort of PICUs, most had CL bundle policies, and CLABSI rates were low.
However, strict compliance with these bundle polices was unsatisfactorily rare, and
CLABSIs continue to occur. Future efforts to further prevent CLABSIs should focus on
increasing compliance with these and other bundle practices and studying the resulting
impact on infection rates.
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Highlights
•

A longitudinal study of PICU CLABSI rates and survey of their prevention
practices

•

CLABSI rates fell significantly from 5.8 per 1000 line days in 2006 to 1.4 in
2011/12

•

Compliance with optimal site and hand hygiene were associated with lower
CLABSI rates

•

Compliance with other policies or practices were not associated with less
CLABSIs

•

Only 25% of PICUs had ≥95% compliance with all studied prevention policies
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Description of hospitals and pediatric ICUs
Characteristics

N (%)

Hospitals (n=88)
Region
Northeast

22 (25)

South

23 (26)

Midwest

27 (31)

West

16 (18)

In state where CLABSI mandatory
reporting in place before 2011 survey

52 (59)

Institution type

Author Manuscript

General hospital

72 (82)

Free-standing children's hospital

16 (18)

Medical school affiliation

77 (88)

PICUs (n=99)
ICU type
Medical/surgical or medical
Cardiothoracic

90 (91)
9 (9)

Number of beds
≤15

69 (70)
>15

30 (30)

CLABSI, central line-associated blood stream infection; PICU, pediatric intensive care unit
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Reported CLABSI rates by year

95% CI

Number of
hospitals/PICUs
contributing data

5.8 (2.94)

4.5–7.11

21/22

3.8 (3.13)

2.73–4.88

33/36

3.27 (2.23)

2.7–3.84

53/62

2.45 (1.36)

2.11–2.79

57/67

1.54 (1.19)

1.28–1.8

73/85

1.42 (1.07)

1.21–1.64

88/99

Year

Mean (SD)

2006
2007
2008
2009
2010
2011/2012

CI, confidence interval; CLABSI, central line-associated bloodstream infection; PICU, pediatric intensive care unit; SD, standard deviation

Author Manuscript
Author Manuscript
Author Manuscript
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Table 3

Author Manuscript

CLABSI rates and unadjusted comparisons across institutional characteristics and infection prevention &
control practices in 2011/mid-2012
ICU type

Mean (SD)

95% CI

Yes

1.38 (0.96)

1.14–1.63

No

1.58 (1.44)

1.09–2.07

State mandatory reporting

P value*
0.93

Region

0.82

Northeast

1.60 (1.08)

1.16–2.03

South

1.03 (1.15)

0.55–1.52

Midwest

1.60 (1.09)

1.18–2.03

West

1.39 (0.91)

0.97–1.80

Medical/surgical or medical

1.4 (1.16)

1.16–1.64

Cardiothoracic

1.52 (0.6)

1.05–1.98

ICU type

0.68

Author Manuscript

ICU size

0.65

≤15 beds

1.56 (1.45)

1.21–1.91

1.36 (0.85)

1.05–1.68

General hospital

1.58 (1.3)

1.28–1.88

Free-standing children's hospital

1.29 (0.82)

0.95–1.63

>15 beds
Institution type

0.26

Medical school affiliation

0.36

Affiliated

1.44 (1.09)

1.21–1.67

Not affiliated

1.22 (0.79)

0.69–1.76

Yes

1.36 (0.98)

1.08–1.64

No

1.57 (1.25)

1.21–1.93

Electronic surveillance of HAI

0.33

Author Manuscript

Antibiotic stewardship/restriction

0.69

Yes

1.49 (1.16)

1.22–1.76

No

1.36 (0.71)

1.03-–1.7

CLABSI, central line-associated bloodstream infection; HAI, hospital associated infection; ICU, intensive care unit; SD, standard deviation
*

Negative binomial regression using the sum of line device days as exposure variable

Author Manuscript
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Table 4

Author Manuscript

CLABSI rates and unadjusted comparisons across levels of self-reported compliance with specific central line
infection prevention policies in 2011/mid-2012

ICU type

No. of
ICUs
99 (100%)

Mean (SD)

95% CI

48 (48)

1.24 (0.96)

0.96–1.52

Ref

12 (12)

1.88 (1.51)

0.92–2.84

0.07

P value*

Central line bundle insertion checklist
≥ 95% compliance
75-94% compliance
25-74% compliance

2 (2)

1.96 (0.86)

0–9.65

0.51

Do not know

12 (12)

1.40 (1.08)

0.71–2.08

0.91

No monitoring

12 (12)

1.58 (0.66)

1.16–2

0.29

No response to question

13 (13)

1.82 (1.61)

0.85–2.79

0.32

45 (45)

1.21 (0.96)

0.93–1.5

Ref

75-94% compliance

15 (15)

2.14 (1.44)

1.34–2.93

0.03

25-74% compliance

1 (1)

1.54 (-)

–

0.79

Do not know

12 (12)

1.36 (1.24)

0.57–2.16

0.93

No monitoring

12 (12)

1.31 (0.8)

0.81–1.82

0.89

No response to question

14 (14)

1.78 (0.98)

1.21–2.34

0.11

51 (52)

1.32 (1.07)

1.02–1.62

Ref

13 (13)

1.56 (1.06)

0.91–2.2

0.48

Optimal catheter site

Author Manuscript

≥ 95% compliance

Chlorhexidine skin disinfection
≥ 95% compliance
75-94% compliance
25-74% compliance

Author Manuscript

1 (1)

0 (-)

–

1

Do not know

14 (14)

1.05 (0.79)

0.6–1.51

0.19

No monitoring

11 (11)

1.66 (0.82)

1.11–2.21

0.57

9 (9)

2.65 (1.37)

1.6–3.71

0.09

56 (57)

1.3 (0.97)

1.04–1.56

Ref

75-94% compliance

9 (9)

1.9 (1.47)

0.77–3.03

0.13

25-74% compliance

0

–

–

Do not know

13 (13)

1.38 (1.06)

0.74–2.02

0.85

No monitoring

13 (13)

1.41 (0.87)

0.88–1.93

0.85

8 (8)

2.4 (1.51)

1.14–3.66

0.23

57 (58)

1.28 (0.96)

1.03–1.54

Ref

8 (8)

2.56 (1.4)

1.38–3.73

0.035

No response to question
Barrier precautions
≥ 95% compliance

No response to question
Monitoring hand hygiene practices
≥ 95% compliance
75-94% compliance
25-74% compliance

Author Manuscript

0

–

–

Do not know

13 (13)

1.38 (1.06)

0.74–2.02

0.88

No monitoring

12 (12)

1.31 (0.8)

0.81–1.82

0.92

9 (9)

2.33 (1.54)

1.14–3.51

0.24

40 (40)

1.27 (1.03)

0.94–1.6

Ref

No response to question
Checking line for daily necessity
≥ 95% compliance
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No. of
ICUs
99 (100%)

Mean (SD)

95% CI

P value*

75-94% compliance

16 (16)

1.83 (1.12)

1.23–2.42

0.05

25-74% compliance

3 (3)

1.72 (0.58)

0.27–3.16

0.43

Do not know

10 (10)

1.32 (1.26)

0.42–2.22

0.84

No monitoring

13 (13)

1.46 (0.9)

0.92–2.01

0.66

No response to question

17 (17)

1.11 (1.17)

0.51–1.71

0.98

ICU type

Author Manuscript

All bundle policies
≥ 95% compliance with all policies

25 (25)

1.3 (1.35)

0.74–1.86

Ref

≥ 95% compliance with 5 policies

16 (16)

1.21 (0.74)

0.82–1.61

0.87

≥ 95% compliance with 4 policies

10 (10)

1.2 (0.71)

1.69–1.71

0.95

≥ 95% compliance with 3 policies

8 (8)

1.55 (0.94)

0.77–2.34

0.35

≥ 95% compliance with 2 policies
≥ 95% compliance with 1 policy

Author Manuscript

All other responses

0

–

–

1 (1)

3.92 (-)

–

0.32

39 (39)

1.77 (1.26)

1.37–2.18

0.23

CLABSI, central line-associated bloodstream infection; ICU, intensive care unit; SD, standard deviation No hospital reported <25% compliance
with any policy; thus this compliance level not shown.
*

Unadjusted negative binomial regression using the sum of line device days as exposure variable to examine the association between ≥ 95%
compliance with that central line bundle policy and other degrees of self-reported compliance (or other survey response)

Author Manuscript
Author Manuscript
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